Our aim was to review the efficacy of the wound vacuum-assisted closure (VAC) system in the treatment of deep infection after extensive instrumentation and fusion for spinal deformity in children and adolescents.
Our aim was to review the efficacy of the wound vacuum-assisted closure (VAC) system in the treatment of deep infection after extensive instrumentation and fusion for spinal deformity in children and adolescents.
A total of 14 patients with early deep spinal infection were treated using this technique. Of these, 12 had neuromuscular or syndromic problems. Clinical and laboratory data were reviewed. The mean follow-up was 44 months (24 to 72). All wounds healed. Two patients required plastic surgery to speed up the process. In no patient was the hardware removed and there was no loss of correction or recurrent infection.
We believe that the wound VAC system is a useful tool in the armamentarium of the spinal surgeon dealing with patients susceptible to wound infections, especially those with neuromuscular diseases. It allows for the retention of the instrumentation and the maintenance of spinal correction. It is reliable and easy to use.
Deep infection after instrumented fusion in the management of scoliosis is uncommon. However, when it does occur, it can result in considerable morbidity, cost, and compromise of correction. As surgical and peri-operative techniques have improved, more severely involved children with complex neuromuscular deformities and considerable co-morbidities are now thought to be candidates for extensive surgery for spinal deformity. Rates of surgical infection of up to 20% for this type of patient with scoliosis have been reported. [1] [2] [3] [4] Various treatment protocols for debridement, soft-tissue management and antibiotic therapy have been recommended with mixed results. The use of the wound vacuum-assisted closure (VAC) system (KCI Inc, San Antonio, Texas) has gained increasing popularity in the management of acute, subacute and chronic wounds. The controlled application of subatmospheric pressure helps the formation of granulation tissue, assists debridement of necrotic tissue and acts as a sterile barrier. Increasing use of the VAC system for complex soft-tissue injuries [5] [6] [7] [8] [9] has generally resulted in accelerated wound healing compared with traditional methods. Our aim was to review the use of the VAC system in the management of early-onset deep infection after spinal instrumentation.
Patients and Methods
We carried out a retrospective review of the notes and radiographs of all cases of earlyonset deep infection of the spine which had occurred between March 1997 and March 2005, and identified 14 such patients who had been treated by the VAC system. There were ten girls and four boys with a mean age of 13.4 years (3 to 19). The underlying diagnoses are shown in Table I . Patients with only superficial infections were not treated by the VAC system and were, therefore, excluded.
Application of the vacuum-assisted closure system. The system consists of polyurethane ether foam sponge with open pores, 400 mm to 600 mm in size, a connecting tube and a plastic sealant. After thorough lavage and removal of all macroscopic contamination, devitalised tissue and loose bone graft, the VAC sponge is cut and fitted into the wound. The plastic sealant is used to cover the sponge and is applied several centimetres beyond the margins of the wound to create an air-tight seal. A cruciate incision is made in the plastic sealant covering the sponge through which a suction tube is inserted and fixed. The tubing is connected to a negativepressure device. The sponge is compressed at subatmospheric pressure (-125 mmHg), continuously or intermittently. The 'controlled negative pressure' is used to evacuate oedema from the wound, increase blood-flow, decrease bacterial load and increase the formation of granulation tissue. The system also assists the debridement of necrotic tissue and acts as a sterile barrier.
The decision to use the VAC system was at the discretion of the surgeon (JIK) and was based on the macroscopic appearance of the wound and the underlying diagnosis. Most of our patients had cognitive and functional problems (Table I ) and some were overweight. Those with myelodysplasia and spastic quadriplegia, with paralytic or poor bladder control typically suffered from infections of the urinary tract.
Thoracolumbar curvatures were present in 12 patients, with one having an isolated thoracic curvature and one a kyphosis (Table II) . The spinal instrumentation used varied according to the underlying pathology. Standard segmental instrumentation using dual rods, hooks and pedicle screws was used for non-neuromuscular curves and segmental instrumentation into the pelvis for most of the neuromuscular curves (Unit rod or Luque rods; Table II ).
All the patients were evaluated for eradication of infection using clinical, radiological and laboratory indicators such as the presence of spinal pseudarthrosis, the level of Creactive protein (CRP) and the white cell count (WCC), the need for additional surgery after application of the VAC system, any loss of correction, and loosening or removal of hardware. Intra-operative debridement involved thorough lavage and removal of all macroscopic contamination, devitalised tissue and loose bone graft (Figs 1 and 2 ). No attempt was made to remove graft which was partially or fully fused. Intra-operative specimens for bacteriological culture were obtained before application of the VAC system.
Results
Combined anterior release and posterior fusion was performed in six patients, and posterior fusion alone in eight patients (Table II) . Allograft was used in 13 patients. The mean time for surgery was 417 minutes (124 to 715). Both superficial and deep drains were inserted at the primary procedure in ten patients.
All 14 patients presented with a discharge from part of the wound; only eight had constitutional symptoms. No The infection presented at a mean of 16 days after surgery (7 to 46). All had evaluation of inflammatory markers (CRP and WCC), intra-operative bacteriological culture, surgical debridement and application of the VAC system. In two patients, antibiotics had been administered before presentation to our institution. All were started on appropriate broad-spectrum antibiotics until sensitivities were available, when treatment was changed to a more specific antibiotic. The VAC system was applied at the intial surgical debridement in ten patients. Debridement was undertaken in two patients before application, and in two the VAC was applied as the third procedure. These patients were treated at the beginning of our experience. The mean number of procedures required for the change of the VAC was 3.4 (1 to 10). The mean length of application was 21 days (5 to 42) and the VAC dressing was changed twice weekly on average. The mean follow-up was 44 months (24 to 72).
All patients received antibiotics (intravenously and/or orally) for at least six weeks based on the results of the wound-culture sensitivities. They were maintained on antibiotics for the length of time that the wound was open. The mean time for the administration of intravenous antibiotics was six weeks (1 to 12). This was followed by oral antibiotics for a mean of six months (4 weeks to 12 months). The organisms cultured included Staphylococcus aureus in five patients, Escherichia coli combined with Pseudomonas aeruginosa in two, Streptococcus pneumoniae in one, E. coli in one, Enterobacter aerogenus in one, P. aeruginosa in one, and Enterobacter cloacae in one. In two patients, there was no formal growth. It was possible to discharge five patients from hospital as outpatients with continued application of the VAC system. Dressing changes were performed twice weekly as an outpatient procedure. The remaining patients were treated as in-patients because of the problems of twice-weekly long-distance travel to our institution. If travel had been easy, most could have been treated as outpatients after the first two or three dressing changes.
The wounds were regularly reviewed and eventually healed by secondary intention. No complications occurred related to the use of the system. Although technical problems such as the blockage of tubes, leaks or breakage of Photograph of a wound before application of the vacuumassisted closure system. The bone graft is still in place, as well as the hardware. Fig. 2 Photograph of a wound after the application of the vacuum-assisted system. seals are possible, 8 none of our patients experienced these since most remained in hospital during the period of treatment. Two patients required plastic surgery for definitive closure once the wound was clear of infection. We elected to do this to speed up the process of closure and to provide cover for the healthy granulation tissue rather than wait for natural epithelialisation. Both patients made an uncomplicated recovery. In the remaining 12 patients, we let the wounds heal naturally. No patient required removal of hardware either initially or during follow-up. As a result, there was no loss of correction of the spinal deformity. No patient required further surgery either for recurrent infection, pseudarthrosis or problems with hardware. Of the 14 patients, four had a normal CRP when they presented with infection and it remained normal after treatment. Three patients had a normal WCC when they presented with infection and it remained normal after treatment. The mean CRP and WCC at the time of presentation were 6.7 mg/l (1.4 to 17.4) and 11.3 × 10 9 cells/l (6.4 to 16.5), respectively, which decreased to 0.7 mg/l (0.3 to 0.9) and 6.4 × 10 9 cells/l (3.8 to 12), respectively, after application of the VAC system and treatment with antibiotics. In one patient, the CRP remained slightly elevated after the treatment at 2.3 mg/l. This patient had a myelomeningocele with urinary-tract problems unrelated to the spinal surgery.
Discussion
Vacuum-assisted closure is a relatively new technique for promoting the healing of infected wounds resistant to treatment by established methods. 5 In the literature, the rate of spinal infections has been reported to increase with the complexity of the procedure, ranging between 1.9% and 20%. 7, 10, 11 Since its introduction in 1997, 5 the VAC system has been widely used in the adult population. A decrease in wound complications, improved healing times and reduced overall morbidity have been reported but there are limited data on its use in children. 6, 9, 12 Mooney et al 6 reported successful results in children with extensive and complex soft-tissue wounds. There were fewer dressing changes and potentially less extensive skin cover procedures. With advances in anaesthesia, intensive care and medical therapy, patients with more complex comorbidities are increasingly being considered for extensive spinal intervention. One of the aims of the technique in the child is to reduce the need for further complex soft-tissue procedures, removal of hardware with consequent loss of correction, and pseudarthrosis. The use of the VAC system is particularly appealing in patients with multiple comorbidities since it may avoid the need for complex plastic surgery and later re-operation.
Mehbod et al 7 reported successful results using this system in the management of deep spinal infection in adults. They studied a heterogeneous group of 20 patients, of whom 16 had early-and four late-onset infections. Their patients had many risk factors 13 for infection including age, diabetes, smoking, tumour or immunodeficiency with a short mean follow-up of ten months. In our study, the population was children or adolescents with severe deformity of the spine who developed early-onset deep infection after spinal instrumentation. In 12 of the 14, there were considerable neurological problems such as myelodysplasia or spinal muscular atrophy. Our mean follow-up was 44 months (24 to 72). Mehbod et al 7 reported that approximately 2.2 procedures (2 to 3) were required to obtain definitive closure, which occurred at a mean of seven days (5 to 14) after initial placement. However, only eight patients had placement of the VAC system as the first procedure and 12 required two or more debridements under general anaesthesia before the application of the system. Our patients had more levels fused than those reported by Mehbod et al 7 (10 vs 4) and ten of our 14 patients had application of the system after the initial debridement.
Picada et al, 10 using a protocol of aggressive debridement and delayed primary or secondary closure, achieved eradication of infection in 24 of 26 adult patients with deep infection after lumbosacral fusion. They had to remove the hardware in seven patients, in two of whom this was related to infection and in five to 'localised discomfort'. None of our patients required removal of hardware and all infections were successfully managed by the VAC system.
Our study has shown that a higher mean number of procedures and a longer time are required for definitive wound closure compared with these other series.
We believe that this is because of the co-morbidities such as neuromuscular and syndromic disorders and the more extensive spinal surgery in the children and adolescents we treated. Most of our patients were unable to walk, with limited ability for self-care. Furthermore, because of the nature of the spinal deformity, with instrumentation generally from the upper thoracic spine to the pelvis, our patients required longer incisions and a higher number of levels fused, compared with adult patients. This predisposes to a higher rate of wound complications. [2] [3] [4] 7, 10, 11 Persisting deep infection often necessitates the removal of hardware. 14, 15 This presents a major problem in the patient with scoliosis, with the potential for loss of correction. Studies in adults 16 have shown rates of removal of hardware in patients with deep spinal infection of up to 35%. Although a more recent study 17 has shown a considerably lower rate, there have been few studies of early post-operative deep spinal infection after surgery for scoliosis in children.
Richards et al 14 reported removal of hardware in all ten patients in their series of deep infections after scoliosis surgery. However, the mean time to presentation was 25 months (11 to 45) after surgery. In all except two patients, successful arthrodesis had been achieved. Similarly, Soultanis et al 18 reported five cases of late deep infection in patients with scoliosis after spinal instrumentation. At the time of debridement, all had achieved a successful arthrodesis, and the instrumentation was removed without com-plication. Our study concerned the management of early post-operative infection in which removal of the implant is undesirable since fusion had not been achieved. However, no patient required removal of hardware and there was no loss of correction.
Our experience of this technique in 14 patients suggests that it is useful in the management of early deep infection in children and adolescents after extensive surgery for scoliosis. The frequency of dressing changes (twice a week) is less than with more traditional methods and can be undertaken on an outpatient basis if this is logistically possible for the patient and the family.
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